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Oncology patientsAbstract Objective: This study aimed to evaluate the value of added opposed/in phase MRI
sequences with signal intensity ratio (SIR) calculations in differentiation malignant and benign
vertebral focal marrow lesions in oncology patients.
Patients and methods: From January 2013 to December 2014, a total of 50 oncology patients with
63 focal spinal bone marrow lesions underwent MRI examination with added opposed/in-phase
sequences. A computation of SIR of the marrow on the opposed phase to signal intensity measured
on the in-phase images was made.
Results: The examined 50 oncology patients showed 63 focal lesions, 39 proved to be malignant
and 24 diagnosed as benign. The majority of malignant lesions (32/39) showed persistence of the
high signals at the opposed phase sequences while signal loss was noted on all benign lesions.
SIR values were ranged between 1.1 and 2.6 in malignant lesions while it ranged from 0.47 to
0.9 in benign lesions; when a SIR of 1 as a cutoff was chosen, it showed high sensitivity and
speciﬁcity (96.8% and 93.65% respectively).
Conclusion: The added opposed/in phase MRI sequences with SIR cut-off value of 1, were proved
to be a non-invasive sensitive tool to differentiate between malignant and benign lesions in oncology
patients.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Background
Pathological lesions of vertebral bone marrow usually replace,
to a variable degree, its normal constituent (1). Such replace-
ment could be neoplastic cells, inﬂammatory cells, water, as
well as blood degradation products (2). MRI is an excellent
non-invasive modality for evaluating bone marrow and detect-
ing marrow lesions (3). MRI has the highest sensitivity for
Table 1 The ﬁnal clinical and pathological diagnosis of all the
63 lesions.
Lesion ﬁnal clinical diagnosis Number of lesions
-Neoplastic:- 39
a – Metastases 27
b – Lymphoma 5
c – Multiple Myeloma (MM) 6
d – L. Histocytoma 1
-Non-neoplastic:- 24
-Osteoporosis compression fracture, 15
-Inﬂammatory destructive lesion, 3
-Post-traumatic fracture, 2
-Atypical hemangiomas 4
-Total 63
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In spite of its high sensitivity, MRI is of only limited speciﬁcity
in the evaluation of bone marrow alterations. This limited
speciﬁcity requires additional, sometimes invasive diagnostic
steps to obtain accurate diagnosis (5). Opposed-phase GRE
sequences have recently been shown to be sensitive for demon-
strating red bone marrow pathology (6). In opposed phase
GRE, fat and water resonate at different frequencies. By
choosing the appropriate TE we can subtract fat from water
during in and out of phase sequences (7). There is signiﬁcant
difference in signal intensity between benign compression frac-
tures and malignancy on in-phase/opposed-phase MR imaging
(8). In-phase/opposed-phase imaging of the spine should be a
sensitive and speciﬁc way to differentiate benign from malig-
nant lesions (9).
2. Objective
This study aimed to evaluate the value of addition of the in/op-
posed phase MRI sequences with signal intensity ratio (SIR)
measurements in the characterization and differentiation
between benign and malignant vertebral focal marrow lesions
in oncology patients.
3. Patients and methods
From January 2013 to December 2014, a total of 50 consecu-
tive oncology patients (31 women and 19 men), with suspicious
spinal focal bone marrow lesions on conventional MRI exam-
ination were recommended for further evaluation for more
characterization. The patients’ ages ranged from 29 to
86 years, (mean ± 59 years).
3.1. MRI Techniques
 All MRI studies were performed by using a 1.5 Tesla super-
conducting Magnet (Philips Systems) in the following
sequences:-
1. Sagittal T1, (TR, 400; TE, 8),
2. Sagittal T2, (TR, 3000, TE 100),
3. Sagittal STIR, (TR: 3500, TE, 80; TI, 165),
4. Sagittal in-phase (TR, 400; TE, 4.6; ﬂip angle, 80) and
opposed-phase gradient recalled-echo sequences (TR,
400; TE, 2.3; ﬂip angle, 80) were acquired.
An equal sized region of interest (ROI) cursor was placed
over the same area of abnormal bone marrow on the in-
phase as well as on the opposed-phase images. A computation
of the signal intensity ratio (SIR) of the marrow on the
opposed phase to signal intensity measured on the in-phase
images was made. Means and SDs were calculated for the rel-
ative SIR of the neoplastic and non-neoplastic groups and for
the normal-appearing marrow.
 All patients were followed up until reaching the ﬁnal clinical
diagnosis.
The histo-pathologic diagnosis as well as the ﬁnal clinical
diagnosis was used as the ‘‘gold standard’’ to classify the
vertebral bone marrow lesions as benign or malignant.3.2. Statistical analysis
Sensibility, speciﬁcity and accuracy were estimated with conﬁ-
dence interval. To evaluate discriminate capacity of opposed-
phase/in-phase ratio and SIR values, the cut-off point with
maximum sensitivity and speciﬁcity for differentiation of
malignant and benign bone lesions was calculated.
4. Results
This study included 50 oncology patients (31 female and 19
male) who were complaining of back-pain and conventional
MRI studies showed abnormal bone marrow focal lesions on
the spine, without deﬁnite characterization. The examined 50
patients showed 63 focal lesions, 39 proved to be malignant
by histopathologic results except for non-accessible 4 lesions
that were followed up for 3–9 months until reaching their ﬁnal
diagnosis by biopsy for 3 progressive lesions while one patient
showed appearance of other multiple lesions on 2nd follow-up
after 1 month and then died shortly so considered malignant
according to the clinical diagnosis. Twenty-four lesions diag-
nosed as benign by clinical diagnosis after follow up over
18 months
Analysis of the spinal focal lesions according to the ﬁnal
diagnosis is shown in Table 1.
The imaging results of the spinal bone marrow lesions were
variable according to its pathologic nature (Tables 2 and 3),
 The 39 neoplastic lesions, divided into 4 groups as follow:-
a – Group 1, included 27 lesions which were ﬁnally
diagnosed as metastatic lesions, (15 from breast cancer,
5 from thyroid cancer, 3 from prostate cancer, 3 from
bronchogenic carcinoma and 1 from urinary bladder
cancer). All the metastatic lesions showed decreased sig-
nal intensity compared with normal marrow on the
T1WI and appeared iso-hyperintense signals on T2WI
and STIR sequences except for 3 sclerotic metastatic
lesions that appeared hypointense at both T1 and
T2WI and iso-intense at STIR sequences.
*At in/opposed phase images 24 lesions remained hyper-
intense at the opposed phase while the 3 sclerotic lesions
showed loss of signals. The mean SIR for the metastatic
lesions, ranged from 1.2 to 2.3 (Fig. 1), except for the 3
sclerotic lesions where SIR measurement was below 1.
Table 2 The signal intensity pattern of all the 63 spinal focal
lesions on different MRI sequences.
MRI sequence T1WI T2WI STIR
-Neoplastic(39):-
a – Metastases(27):-
-Lytic(24) Hypo Hyper/iso Hyper/iso
-Sclerotic(3) Hypo Hypo Iso
b – Lymphoma(5) Hypo Iso/hyper Iso-hyper
c – M. Myeloma(6) Iso-hypo Iso-hyper Iso-hyper
d – L. Histocytoma(1) Hypo Hyper Hyper
-Non-neoplastic(24):-
a – Osteoporosis(15) Iso-hypo Hyper-iso Hyper-iso
b – A. hemangiomas(4) Iso-hypo Hyper Hyper
c – Inﬂammatory(3) Hypo Hyper Hyper
d – Post-traumatic(2) Iso-hypo Hyper Hyper
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Figure 1 Dorsal Spine Metastatic bone marrow lesions:- a)
T1WI sagittal MRI, revealed abnormal low signal intensity focal
lesions affecting DV11 and 12 bodies as well as the inferior margin
of DV10. b) STIR WI sagittal MRI, revealed hyper-intense focal
lesions affecting DV11and 12 bodies as well as the inferior margin
of DV10. c and d) In/opposed phase sequences revealed high
signal lesions on in phase image with no signal loss at the opposed
phase. SIR was about 1.3 and all the imaging ﬁndings are those of
Malignant lesions, Pathology:- Metastatic thyroid cancer.
Characterization of the focal vertebral bone marrow lesions 729b – Group 2, included 5 lesions whose ﬁnal diagnosis was
lymphoma, and all the lesions showed decreased signal
intensity compared with normal marrow on the T1WI
and appeared iso to hyper-intense on T2WI and STIR
sequences.
*At in/opposed phase images the lesions showed variable
appearance, 2 lesions had loss of signal in the opposed
phase, while the other 3 lesions remained hyper-
intense. The mean SIR for the lymphoma lesions ranged
from 0.99 to 1.7.
c – Group 3, included 6 lesions with ﬁnal diagnosis as
multiple myeloma, the lesions showed variable signals
at different pulse sequences, which appeared mainly
iso-hypo intense at T1WI and appeared iso-hyper intense
at T2WI and STIR sequences.
*At in/opposed phase images, the multiple myeloma
lesions showed variable appearance, however, the major-
ity (4 of 6) remained hyper intense at the opposed phase
images and 2 showed signal loss. The mean SIR for MM
lesions ranged from 01.1 to 2.6.e 3 The signal intensity pattern of all the 63 spinal focal
ns on the opposed/in phase images and their SIR values.
Sequence In-phase Opposed-phase SIR
plastic(39):-
etastases
ytic lesions Hyper-intense No signal loss (24) 1.2–2.3
clerotic
ns
Hyper-intense Signal loss (3) <1
ymphoma Hyper-intense No signal loss (3)/
signal loss (2)
0.99–1.7
. Myeloma Hyper intense Mainly no signal
loss (4)
Signal loss (2)
01.1–2.6
. Histocytoma Hyper-intense No signal loss (1) 1.8
-neoplastic:-
steoporosis Hyper intense Signal loss 0.57–0.78
typical
angioma
Hyper intense Signal loss 0.59–0.9
nﬂammatory Hyper intense Signal loss 0.69–0.83
ost-traumatic Hyper intense Signal loss 0.78–0.9c – Group 4, included the remaining 1 lesion with ﬁnal
diagnosis as Langerhans histocytoma, this lesion
appeared hypo intense at T1WI and hyper intense at
T2WI and STIR sequences.
*At in/opposed phase images, the histocytoma lesion
remained hyper intense at the opposed phase images
and its SIR measured 1.8 (Fig. 2).
The 24 non-neoplastic lesions, divided into 4 groups as
follow:-
a – Group 1, included 15 lesions with ﬁnal diagnosis of
osteoporosis compression fracture, and the lesions showed
iso-hypo intense signal with the normal marrow at T1WI
and appeared hyper intense at T2WI and STIR sequences.
*At in/opposed phase images, all the lesions showed loss of
signals at the opposed phase images. The mean SIR for
osteoporotic lesions ranged from 0.57 to 0.78.
b – Group 2, included 4 lesions with ﬁnal diagnosis of atyp-
ical hemangiomas, and the lesions showed variable signals
at different pulse sequences, which showed iso-hypo intense
signal with the normal marrow at T1WI and appeared
hyper intense at T2WI and STIR sequences.
*At in/opposed phase images, the 2 lesions showed loss of
signals at the opposed phase images. The mean SIR for
hemangiomas lesions ranged from 0.59 to 0.9 (Fig. 3).
c – Group 3, included 3 lesions with ﬁnal diagnosis of
destructive inﬂammatory process, and the lesions showed
hypo intense signal with the normal marrow signals at
T1WI and appeared hyper intense at T2WI and STIR
sequences.
*At in/opposed phase images, all the lesions showed loss of
signals at the opposed phase images. The mean SIR for
inﬂammatory lesions ranged from 0.69 to 0.83
Figure 2 Dorsal Spine focal bone marrow lesion
(L. Histocytoma):- a) T1WI sagittal MRI, revealed markedly
wedged DV5 body with anterior and posterior bulge that showed
abnormal low signal intensity. b) STIR WI sagittal MRI, revealed
that markedly wedged DV5 body showed hyper-intense signal.
c and d) In/opposed phase sequences revealed high signal lesions
on in phase image with no signal loss at the opposed phase. SIR
was about 1.8 and all the imaging ﬁndings are those of malignant
lesions, Pathology:- Langerhans histocytoma.
Figure 3 Lumbar Spine abnormal focal bone marrow lesion
(atypical haemangioma):- a) T1WI sagittal MRI, revealed abnor-
mal low signal intensity focal lesion affecting the dorsal aspect of
LV2 body. b) STIR WI sagittal MRI, revealed hyper-intense focal
lesion at dorsal aspect of LV2 body. c and d) In/opposed phase
sequences revealed high signal lesions on in phase image with
signal loss at the opposed phase. SIR was about 0.9 and all the
imaging ﬁndings are those of benign lesion. Follow up and the
ﬁnal clinical diagnosis was atypical haemangioma.
Table 4 Statistics of the opposed/in phase, T1, T2 and STIR
sequences in characterization of the different focal bone
marrow lesions.
Sensitivity
(%)
Speciﬁcity
(%)
Accuracy
(%)
T1WI 95 57 76
T2WI 90.4 52 71
STIR 96 60 78.57
In/opposed phase 96.8 90.5 93.65
SIR values 96.8 93.65 95.3
730 H.A.E.-K.A. El-Samie, H.S.A. El-Ghanyd – Group 4, included the remaining 2 lesions with ﬁnal
diagnosis of Post-traumatic fracture, and the lesions
showed iso-hypo intense signal to the normal marrow at
T1WI and appeared hyperintense at T2WI and STIR
sequences.
*At in/opposed phase images, the two lesions showed loss
of signals at the opposed phase images. The mean SIR
for post-traumatic lesions ranged from 0.78 to 0.9.
Statistics of this study showed that opposed/in phase pulse
sequences were the most sensitive and speciﬁc for characteriza-
tion of the different focal bone marrow lesions followed by
T1WI and STIR sequences. When a SIR of 1 as a cutoff was
chosen, with >1 deﬁned as malignant and <1 deﬁned as a
benign result, opposed phase/in phase imaging correctly iden-
tiﬁed 32 of 39 malignant lesions and all 24 benign lesions
(96.8% Sensitivity, 93.65% Speciﬁcity, and 95.3% Accuracy).
(Table 4).
5. Discussion
Although the spine is the most common site of bone metas-
tases, benign vertebral fractures due to osteopenia occur in
one third of cancer patients (10).
In this study, 50 oncology patients with 63 abnormal bone
marrow signals showed focal lesions that were detected on
MRI examination of the spine. The ﬁnal clinical diagnosis,
showed that 39 lesions were of neoplastic origin, with meta-
static being the commonest lesions while 24 lesions were
benign where osteoporosis was representing the commonest
etiology.
This coincides with Omar et al. (2007) (2) who reviewed
that pathological lesions usually replace normal components
of the vertebral bone marrow and this could be neoplastic,inﬂammatory, water, as well as blood degradation products
(2). The spine is a common site for metastatic disease, approx-
imately 60–70% of patients with systemic cancer will have
spinal metastasis (11).
According to the results of this study, T1WI and STIR
sequences were found to be superior to T2WI in lesions detec-
tion, however all the mentioned sequences own poor
characterization.
This was in agreement with Jung et al. (2003) who revealed
that signal intensity on fast spin-echo T2-weighted images
played little role in distinguishing between acute benign osteo-
porotic and metastatic compression fractures (12) and with
Izlem et al. (2005), who stated that differentiating osteoporotic
acute compression fractures from malignant compression frac-
tures is challenging even with MRI (11).
At this work, we added the in/opposed phase images to dif-
ferentiate the 63 detected lesions. All the lesions showed high
signal intensity at in-phase image. At the opposed phase
image, all the 24 benign lesions showed signal loss however
persistence of the high signals at the opposed phases was noted
at 32 of the 39 malignant lesions.
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tiating acute benign compression fractures from malignant
inﬁltration and pathologic fractures (9). MRI is very sensitive
to detect bone metastases. To improve speciﬁcity, a clever use
of sequences is needed (13).
Also, this study results matched with that of Zajick Jr. et al.
(2005) who found that signal changes between in-phase images
and opposed-phase images differ between tumors and non-
neoplastic lesions of the spine (14) and with Lubdha et al.
(2011), who stated that neoplastic conditions replacing normal
marrow will not have signal dropout on out-of-phase images
(15). Erly et al. (2006) (8) and Ragab et al. (2009) (16), con-
cluded that, in/opposed phase technique has also been used to
differentiate acute benign versus malignant vertebral fractures.
In benign compression fractures there is suppression of signal
intensity on opposed-phase images. In pathologic fractures
there is lack of suppression on the opposed-phase images (8,16).
The results of this work showed that the signal intensity
ratio (SIR) showed signiﬁcance difference in neoplastic and
non neoplastic lesions, SIR of 1 was considered as a cut-off
value as benign lesions’ SIR ranged from 0.57 to 0.9 and the
majority of inﬁltrative neoplastic lesions’ (32/39) SIR ranged
from 1 to 2.6.
This coincides with the results of Erly et al. (2006) (8) who
found that there was a signiﬁcant difference in the mean SIR
for the benign lesions (mean, 0.58; SD, 0.02) compared with
the malignant lesions (mean, 0.98; SD, 0.095). Also, there is
agreement with results of David (1997), who found that: The
relative signal-intensity ratios were 1.03 ± 0.13 for the neo-
plastic group and 0.62 ± 0.13 for the non-neoplastic group
(17). Other studies have found a difference in the SI ratio
between benign and pathologic compression fractures (sensi-
tivity, 0.95; speciﬁcity, 1–0.8) (8,16). Lesion in a vertebral body
that shows hypointensity in T1WI, hyperintensity on STIR
and T2WI, and a signal intensity ratio >0.8 has a sensitivity
of 97.2%, speciﬁcity of 90% and accuracy of 91.2% with
respect to the diagnosis of a malignant lesion (18). However,
Filippo et al. (2014) used opposed phase gradient techniques
and a signal intensity ratio cut-off of 1.2 to differentiate
between benign and malignant vertebral lesions (19).
In this work there was a difference of morphological
appearance on different MRI sequences and the signal loss
pattern in the opposed phase sequences noted in 2
Lymphoma, 2 multiple myeloma lesions as well as in 3 sclerotic
bone metastases.
These results found in concordance with that of Jose
(2013) who stated that:- On MRI, the bone marrow inﬁltra-
tion in Lymphoma and multiple myeloma can show various
patterns, ranging from normal to focal or diffuse appearance
(20). Also, Virna (2002) concluded that, the GRE opposed-
phase technique is less useful in cases of lymphoma and
myeloma, which are disorders that can contain neoplastic
elements admixed with fat, and in the case of osteosclerotic
metastasis as the increased mineralized bone results in signal
loss (21).
In this work, the opposed/in phase was found to be the
most sensitive and speciﬁc sequence for characterization of
the different focal bone marrow lesions, (sensitivity 96.8%,
Speciﬁcity 90.5 and accuracy 93.65%). However, the T1WI
and STIR sequences showed high sensitivity but low speciﬁcity
(95%/57% and 96%/60%, respectively). T2WI was the lowest
sensitive and speciﬁc pulse sequence, (90.4% and 52%).The ﬁndings in this study showed near equal results com-
pared with those of previous studies in the literature as the
study of Erly (2006) that found that the in-phase/opposed-
phase imaging correctly identiﬁed 19 of 20 malignant lesions
and 26 of 29 benign lesions (sensitivity, 0.95; speciﬁcity, 0.89)
(8). Other study concluded that: Both the reviewers achieved
100% sensitivity and 94–100% speciﬁcity for detection of neo-
plasm according to the in/opposed phase results (17). Martel
(2013) concluded that: For the diagnosis of metastasis, out
of phase/in phase sequences showed 97.2% sensitivity, 80.1%
speciﬁcity and 83.2% accuracy while sensitivity was 100%
for T1 and STIR sequences and their sensitivity and accuracy
were 70.7%, 77% and 75%, 81% respectively (18).
6. Conclusion
According to the results of this study we concluded that: The
added opposed/in phase MRI sequences with SIR cut-off value
of 1, were proved to be a sensitive and non-invasive tool to dif-
ferentiate between malignant and benign lesions in oncology
patients.
Contribution
All authors have apprised the article and actively contributed
in the work.
Conﬂict of interest
All authors have materially participated in the research prepa-
ration and agree for the submission.References
(1) Weber M, Sharp J, Latta P, et al. Magnetic resonance imaging of
trabecular and cortical bone in mice: comparison of high
resolution in vivo and ex vivo MR images with corresponding
histology. Eur J Radiol 2005;53(1):96–102.
(2) Omar MO, Yasser RF, Alaa ME, et al. Role of diffusion WIs
and T2* GRE pulse sequences in dubious vertebral marrow
pathological lesions. J Egypt Nat Cancer Inst 2007;19(4):254–62.
(3) Hwang Sinchun, Panicek David M. Magnetic resonance imaging
of bone marrow in oncology. Part Skeletal Radiol 2007;36:
913–20.
(4) Hillengass J, Weber M-A, Kilk K, et al. Prognostic signiﬁcance
of whole-body MRI in patients with monoclonal gammopathy of
undetermined signiﬁcance. Leukemia 2014;28:174–8.
(5) Herneth AM, Dominkus M, Kurtaran A, et al. New trenda in
diagnostic imaging. Wien Med Wochenscher Suppl 2002;113:
92–4.
(6) Kevin WC, John FF, Phillip FJ. Useful internal standards for
distinguishing inﬁltrative marrow pathology from hematopoietic
marrow at MRI. Article ﬁrst published online: 17 Nov 2005.
http://dx.doi.org/10.1002/jmri.1880070224.
(7) Lingawi S, Ragab Y. The Role of Opposed Phase Gradient Echo
MR in Differentiating Benign from Malignant Vertebral Lesions,
Presentation at European Congress of Radiology ECR- 2003
personal communication 2005.
(8) Erly WK, Oh ES, Outwater EK. The utility of in-phase/opposed-
phase imaging in differentiating malignancy from acute benign
compression fractures of the spine: AJNR 2006;27:1183–8.
(9) Ishijima H, Ishizaka H, Horikoshi H, et al. Water fraction of
lumbar vertebral bone marrow estimated from chemical shift
732 H.A.E.-K.A. El-Samie, H.S.A. El-Ghanymisregistration on MR imaging: normal variations with age and
sex. AJR 1996;167:355–8.
(10) Balliu E, Vilanova JC, Pel´aez I, et al. Diagnostic value of
apparent diffusion coefﬁcients to differentiate benign from
malignant vertebral bone marrow lesions. Eur J Radiol
2009;69:560–6.
(11) Izlem Izbudak, Aylin Tekes, Juan Carlos Baez, et al. Imaging of
Spinal Tumors. M.A. Blake, M.K. Kalra, editors, Imaging in
Oncology. 43 Springer 2008.
(12) Jung H, Jee W, McCauley T, et al. Discrimination of metastatic
from acute osteoporotic compression spinal fractures with MR
imaging. Radiographics 2003;23:179–87.
(13) Vanel Daniel. MRI of bone metastases: the choice of the sequence
Cancer Imaging 2003;4:30–5.
(14) Zajick Jr DC, Morrison WB, Schweitzer ME, et al. Benign and
malignant processes: normal values and differentiation with
chemical shift MR imaging in vertebral marrow. Radiology
2005;237(2):590–621.
(15) Lubdha MS, Christopher JH. MRI of spinal bone marrow: Part
1, techniques and normal age-related appearances. AJR
2011;197:1298–308.(16) Ragab Y, Emad Y, Gheita T, et al. Differentiation of osteo-
porotic and neoplastic vertebral fractures by chemical shift (in-
phase and out-of-phase) MR imaging. Eur J Radiol
2009;72:125–33.
(17) David GD, Mc Thomas R, Lee MR, et al. In-phase and out-of-
phase MR imaging of bone marrow: prediction of neoplasia
based on the detection of coexistent fat and water. AJR
1997;169:1439–47.
(18) Martel J, Bueno A, Nogueras M, et al. Diagnostic performance of
MRI in differentiating metastatic from acute osteoporotic com-
pression fractures of the spine. Poster No.: C-1399. Congress:
ECR 2013.
(19) Filippo DG, Sahar JF, John AC, et al. Bone marrow lesions: a
systematic diagnostic approach. Indian J Radiol Imaging August
2014;24(3):279.
(20) Jose Jr RS, Daichi H, Takenori Y, et al. MRI of bone marrow
abnormalities in hematological malignancies. Diagn Interv Radiol
2013;19:393–9.
(21) Virna Z, Mirco C, Maria CM, et al. Value of opposed-phase
gradient-echo technique in distinguishing between benign and
malignant vertebral lesions. Eur Radiol 2002;12:1811–8.
